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(57)Abstract 

PROBLEM TO BE SOLVED: To enhance the display quality of a 
liquid crystal display device by eliminating a noise. 
SOLUTION: In the back light lighting device of a liquid crystal 
display device having first back lights 5, 6, 9, 10 and second back 
lights 7, 8, 11, 12, the first back lights and the second back lights 
are made to be lighted reversing the phase of the oscillation 
waveform of the second back lights 7. 8, 11, 12 with respect to that 
of the oscillation waveform of the first back lights 5, 6, 9, 10. 

ii — Twin?* 
vMP* 



LEGAL STATUS 

[Date of request for examination] 23.05.2000 
[Date of sending the examiner's decision of rejection] 
[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3293592 
[Date of registration] 05.04.2002 
[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 



PH-1786PCT-US(IDS) 



JP Patent Publication (BCokai) No. 2000-352718 A 
What is claimed is: 

1 . An LCD apparatus comprising a first backlight and a second backlight, wherein the phase of 
an oscillating waveform for the second backlight is inverted with respect to the oscillating 
waveform for the first backlight when the first and second backlights are lighted. 

2. An LCD apparatus comprising a first backlight and a second backlight, wherein the first 
backlight is driven by a first drive circuit and the second backlight is driven by a second drive 
circuit, wherein the phase of an oscillating waveform for the second backlight is inverted with 
respect to the oscillating waveform for the first backlight when the first and second backlights 
are lighted. 

3. An LCD apparatus comprising a first backlight and a second backlight, wherein the first and 
second backlights are lighted with oscillating waveforms that are in-phase and synchronized, 
and wherein the second backlight is inverted by 1 80° with respect to the first backlight. 

4. The LCD apparatus according to any one of claims 1 to 3, wherein the first backlight and the 
second backlight each comprise a plurality of backlights. 

5. The LCD apparatus according to claim 4, wherein the number of the first backlights is equal 
to the number of the second backlights. 

6. The LCD apparatus according to any one of claims 1 to 5, wherein the first backlights and the 
second backlights are disposed alternately. 

7. The LCD apparatus according to any one of claims 1 to 6, comprising a plurality of 
oscillating circuits for hghting the backlights, wherein the multiple oscillating circuits are 
disposed in a distributed manner. 

8. The LCD apparatus according to any one of claims 1 to 7, wherein the backlights comprise a 
surface light source. 

9. The LCD apparatus according to any one of claims 1 to 7, wherein the backlights are either of 
the direct backlight type, edge-lit type, side-lit type, or U-shaped type, or they comprise an even 
number of U-shaped lamps. 
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10. A method of lighting a backlight for an LCD apparatus comprising a first backlight and a 
second backlight, comprising inverting the phase of an oscillating waveform for the second 
backlight with respect to an oscillating waveform for the first backlight so as to cancel a nose 
due to the oscillating waveform for the first backlight with a noise due to the oscillating 
waveform for the second backlight. 

Petailed description of the invention] 
[0001] 

[Field of the invention] The present invention relates to an LCD apparatus and a method of 
lighting a backlight therefor. Particularly, the invention relates to an LCD apparatus in which 
noise is reduced and display quality is improved, and a method of lighting a backlight therefor. 
[0002] 

[Related art] Fig. 7(a) shows a block diagram of a backlighting apparatus according to 
conventional art. 

[0003] In the figure, lamps 5, 6 are driven by a drive block 41, and lamps 7, 8 are driven by a 
drive block 42. Similarly, lamps 11, 12 are driven by a drive block 44. The lamps 7, 8, 11, 
and 12 are driven with the same phase as the phase of, and in synchronism with, the oscillating 
waveform for the lamps 5, 6. Thus, all of the lamps are lighted with the same phase and in 
synchronism with each other. Fig. 7(b) shows a block diagram of another backlighting 
apparatus according to conventional art. In this configuration, too, the lamps 5 to 12 are driven 
with oscillating waveforms having the same phase and being synchronized. In this way, all of 
the lamps are lighted in the same phase and in synchronism. 
[0004] Hereafter, the need for the in-phase and synchronized operation is explained. 
[0005] If there is no synchronization, the multiple lamps interferes with each other as they 
oscillate, resulting in a periodic development of large noise having irregular periods. Such 
noise appears and disappears on the screen periodically, resulting in the so-called << ripples." In 
order to avoid this, the oscillating waveforms for all of the lamps have been oscillated in the 
same phase and in synchronism, as shown in Fig. 8. 

[0006] In these conventional backlighting apparatuses, the lamp oscillating frequency has been 
selected such that it does not interfere with the horizontal synchronizing signal. However, in a 
multi-scan monitor, a plurality of horizontal synchronizing signals exist, and the lamp oscillating 
frequency is a fixed value, so that interference cannot be avoided. Thus, conventionally a lamp 
oscillating frequency has been determined such that it does not interfere with a frequency that is 
mainly used. As a result, interference has always existed at any one of the horizontal 
synchronizing frequencies, resulting in the "ripple" phenomenon. 

[0007] Furthermore, due to synchronization, if the horizontal synchronizing signal for the video 
signal interferes with the oscillating frequency of the inverter, the rippled-noise on the screen 
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disadvantageous^ increases as the number of lamps increases. 

[0008] If there is no synchronization, the frequency of a composed waveform would shift over 
time such that it becomes impossible to identify the horizontal synchronizing frequency of the 
video signal at which ripples appear, resulting in the development of the rippled-noise regardless 
of the video input mode. 
[0009] 

[Problem to be solved by the invention] It is an object of the invention to overcome the 
aforementioned disadvantages of conventional art and provide a novel LCD apparatus in which 
noise is eliminated and improved display quality is obtained, and a method of lighting a 
backlight for the apparatus. 
[0010] 

[Means of solving the problem] In order to achieve the aforementioned object, basically the 
Mowing technical features are employed. 

[001 1] Specifically, in a first embodiment, the invention provides an LCD apparatus comprising 
a first backlight and a second backlight, wherein the phase of an oscillating waveform for the 
second backlight is inverted with respect to the oscillating waveform for the first backlight when 
the first and second backlights are lighted. In a second embodiment, an LCD apparatus 
comprises a first backlight and a second backlight, wherein the first backlight is driven by a first 
drive circuit and the second backlight is driven by a second drive circuit, wherein the phase of 
an oscillating waveform for the second backlight is inverted with respect to the oscillating 
waveform for the first backlight when the first and second backlights are lighted. In a third 
embodiment, an LCD apparatus comprises a first backlight and a second backlight, wherein the 
first and second backlights are lighted with oscillating waveforms that are in-phase and 
synchronized, and wherein the second backlight is inverted by 180° with respect to the first 
backlight In a fourth embodiment, the first backlight and the second backlight each comprise 
a plurality of backlights. In a fifth embodiment, the number of the first backlights is equal to 
the number of the second backlights. In a sixth embodiment, the first backlights and the 
second backlights are disposed alternately. In a seventh embodiment, the LCD apparatus 
comprises a plurality of oscillating circuits for fighting the backlights, wherein the multiple 
oscillating circuits are disposed in a distributed manner. In an eighth embodiment, the 
backlights comprise a surface light source. In a ninth embodiment, the backlights are either of 
the direct backlight type, edge-lit type, side-lit type, or U-shaped type, or they comprise an even 
number of U-shaped lamps. 

[0012] In yet another embodiment, the invention provides a method of lighting a backlight for 
an LCD apparatus comprising a first backlight and a second backlight, comprising inverting the 
phase of an oscillating waveform for the second backlight with respect to an oscillating 
waveform for the first backlight so as to cancel a nose due to the oscillating waveform for the 
first backlight with a noise due to the oscillating waveform for the second backlight. 
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[0013] 

[Embodiments of the invention] The LCD apparatus of the invention is characterized in that it 
comprises a first backlight and a second backlight, wherein the phase of the oscillating 
waveform for the second backlight is inverted with respect to the oscillating waveform for the 
first backlight when the first and second backlights are lighted. 

[0014] As a result, the lamp oscillating noise is cancelled, thus eliminating the noise that appears 

on the LCD panel. 

[0015] 

[Embodiments] In the following, an LCD apparatus of the invention and a method of lighting a 
backlight of the apparatus are described in detail with reference to Figs. 1 to 6. 
[0016] Figs. 1 and 2 illustrate the structure of an LCD apparatus of the invention. The LCD 
apparatus comprises first backlights 5, 6, 9, and 10, and second backlights 7, 8, 11, and 12. 
The phase of the oscillating waveform for the second backlights 7, 8, 1 1, and 12 is inverted with 
respect to the oscillating waveform for the first backlights 5, 6, 9, and 10, when the first and 
second backlights are lighted (Fig. 2). The figures also show an LCD apparatus comprising a 
first backlight and a second backlight, wherein the first backlights 5, 6 are driven by a first drive 
circuit 21 and the second backlights 7, 8 are driven by a second drive circuit 22, wherein the 
phase of the oscillating waveform for the second backlights 7, 8 is inverted with respect to the 
oscillating waveform for the first backlights 7, 8 when the first and second backlights are lighted. 
The figures also show an LCD apparatus in which the first and second backlights each comprise 
a plurality of backlights. The figures further show an LCD apparatus in which the number of 
first backlights and the number of second backlights are the same. Further, the figures show an 
LCD apparatus in which the first backlights 5, 6, 9, and 10 and the second backlights 7, 8, 11, 
and 12 are disposed alternately. 

[0017] In the following, the present invention is described in greater detail. 
[0018] As shown in Fig. 1(a), an LCD apparatus 1 comprises a liquid crystal panel 2, a backlight 
3 for muminating the liquid crystal panel 2, and a video signal processing substrate 4 for driving 
the liquid crystal panel 2. The backlight 3 comprises a plurality of lamps 5 to 12. In the 
above specific example, the number of backlights is eight; the number, however, may be any 
number as long as it is two or greater. As shown in Fig. 1(b), the liquid crystal panel 2 is 
disposed over the iUurninated surface of the backlight 3, under which the video signal 
processing substrate 4 is disposed. In the backlight 3, the lamps 5 to 12 are disposed at 
predetermined intervals. 

[00 19] In the following, the operation of the invention is described. 

[0020] In the LCD apparatus of Fig. 2, the lamps 5, 6 are driven by the drive block 21 and the 
lamps 7, 8 are driven by the drive block 22, wherein the lamps 7, 8 are driven with a phase that 
is inverted by 180° with respect to the phase of the oscillating waveform for the lamps 5, 6. 
Similarly, the lamps 9, 10 are driven with a phase that is opposite to the phase for the lamps 7, 8. 
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Such operation is repeated up to the lamp 12. 

[0021] Thus, the first lamps 5, 6, 9, and 10 oscillate with the same phase and in synchronism, 
while the second lamps 7, 8, 11, and 12 oscillate with the opposite phase and in synchronism 
with the first lamps 5, 6, 9, and 10, where the number of the first lamps 5, 6, 9, and 10 is equal to 
the number of the second lamps 7, 8, 1 1 , and 1 2. 

[0022] In Fig. 3, the lamp 6 is driven with a phase opposite to the phase of the oscillating 
waveform for the lamp 5, and the lamp 7 is driven with a phase opposite to the phase of the 
oscillating waveform for the lamp 6. Such operation is repeated up to the lamp 1 2. Thus, the 
number of the first lamps is equal to the number of the second lamps in the present 
configuration. 

[0023] In the following, the result of a test of the present invention is described. 

[0024] Fig. 6 shows a block diagram of a testing circuit Specifically, under the input 

conditions such that a signal power supply and a video signal input were both turned off while 

only an inverter power supply for the backlights was turned on, a noise signal that appears on 

the ground line was observed on an oscilloscope. 

[0025] The result is shown in Fig. 5. 

[0026] When the amount of noise in the frame GND was measured in a configuration according 
to conventional art shown in Fig. 7, a pulse wave and a sin-wave oscillating amplitude 
waveform were measured in the frame GND. Thereafter, when a video signal of an interfering 
horizontal synchronizing frequency was fed, a ripple wave S was observed on the screen. 
[0027] Then, measurement was made using the configuration of Fig. 2 according to the present 
invention, and no sin-wave oscillating amplitude was observed in the frame GND, as shown in 
Fig. 4. The peak value of the pulse wave was also reduced by about 50%. Thereafter, a 
video signal of an interfering horizontal synchronizing frequency was fed, when no 
rippled-noise was observed on the screen. 

[0028] The ripple phenomenon on the screen appears in the form of sin-wave noise with 
different shades on the image. By canceling the sin-wave noise by the present invention, the 
development of such ripple phenomenon can be suppressed. 

[0029] The multiple oscillating circuits for lighting the backlights may be disposed in a 

distributed manner. The backlights may be of the direct backlit type, edge-lit type, side-lit type, 

U-shaped type, or they may comprise an even number of U-shaped lamps. 

[0030] The object of the invention can also be achieved by an LCD apparatus comprising a first 

backlight and a second backlight, wherein the first and second backlights are lighted with 

in-phase and synchronized oscillating waveforms, with the second backlight inverted by 180° 

with respect to the first backlight. 

[0031] The backlight may comprise a surface light source. 

[0032] 

[Effects of the invention] In accordance with the LCD apparatus configured as described above 
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and the method of lighting a backlight in the apparatus, the rippled noise due to lamp oscillation 
can be canceled, whereby improved display quality can be obtained. 
[Brief description of the drawings] 

Fig. 1 shows a LCD apparatus according to the present invention. 

Fig. 2 shows a first configuration of a backlighting apparatus. 

Fig. 3 shows a second configuration of a backlighting apparatus. 

Fig. 4 shows fee result of measurement of noise. 

Fig. 5 shows the result of measurement of noise. 

Fig. 6 shows a block diagram of a circuit used for the measurement of noise. 
Fig. 7 shows a block diagram of a conventional backlighting apparatus. 
Fig. 8 shows how waveforms are synchronized between two drive blocks. 
[Description of the numerals] 

2 Liquid crystal panel 

4 Video signal processing substrate 

3 Backlight 
5-12 Lamps 
21,22,23,24 Drive blocks 

5 Rippled noise 

(Drawings) 
FIGS. 1,2,3,7 

2 LIQUID CRYSTAL PANEL 

3 BACKLIGHT 

4 VIDEO SIGNAL PROCESSING SUBSTRATE 
5-12 LAMPS 

FIG 2 

21-24 DRIVE BLOCKS 

A CROSS SECTION OF LAMPS IN A DIRECT-BACKLIGHT TYPE 
CONFIGURATION (TWO-LAMP ALTERNATING PATTERN) 
B INVERTED PHASE 

C NOTE: o: IN-PHASE, SYNCHRONIZED OSCILLATING WAVEFORMS 

•: OSCILLATING WAVEFORMS WHOSE PHASE IS OPPOSITE TO, 
AND WHICH IS SYNCHRONIZED WITH, THE ABOVE WAVEFORMS 

FIG 3 

31-33 DRIVE BLOCKS 

A CROSS SECTION OF LAMPS IN A DIRECT-BACKLIGHT TYPE 
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CONFIGURATION (ONE-LAMP ALTERNATING PATTERN) 
B INVERTED PHASE 

FIG 4 

(a) CONVENTIONAL SYSTEM 

(b) PHASE-INVERTED SYSTEM 
A DRIVE BLOCK 

B OSCILLATING WAVEFORM IN EACH DRTVE BLOCK 

C SCREEN CONDITION: RIPPLES PRESENT 

D NOISE LEVEL OUTPUT IN FRAME GND 

E LAMP INPUT VOLTAGE WAVEFORM (IN-PHASE, SYNCHRONIZED 
OSCILLATION) 

F LAMP INPUT VOLTAGE WAVEFORM (INVERTED-PHASE, 
SYNCHRONIZED OSCILLATION) 

G AMPLITUDE 

H TIME 

FIG 8 

A DRIVE BLOCK 

B IN-PHASE, SYNCHRONIZED SIGNAL 

FIG 5 

A (a) CONVENTIONAL SYSTEM 

FRAME NOISE WAVEFORM BEFORE COUNTERMEASURE: RIPPLED 
NOISE DEVELOPS ON SCREEN 

(b) INVERTED-PHASE SYSTEM 

FRAME NOISE WAVEFORM AFTER COUNTERMEASURE: NO RIPPLED 
NOISE ON SCREEN 
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FIG. 1 




2. LIQUID CRYSTAL PANEL 




3. BACKLIGHT 



4. VIDEO SIGNAL 
PROCESSING SUBSTRATE 



FIG. 2 



2. LIQUID CRYSTAL PANEL 



3. BACKLIGHT 
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CROSS SECTION OF LAMPS 
IN A DIRECT-BACKLIGHT TYPE CONFIGURATION 
(TWO-LAMP ALTERNATING PATTERN) 
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PROCESSING SUBSTRATE 
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23--^ DRIVE BLOCKS 
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NOTE: O: IN-PHASE. SYNCHRONIZED OSCILLATING WAVEFORMS 

•: OSCILLATING WAVEFORMS WHOSE PHASE IS OPPOSITE TO, 
AND WHICH IS SYNCHRONIZED WITH, THE ABOVE WAVEFORMS 
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2. LIQUID CRYSTAL PANEL, 



3. BACKLIGHT 
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CROSS SECTION OF LAMPS 
IN A DIRECT-BACKLIGHT TYPE CONFIGURATION 
(ONE-LAMP ALTERNATING PATTERN) 



4. VIDEO SIGNAL 

PROCESSING SUBSTRATE 



INVERTED PHASE [ 
INVERTED PHASE [ 
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(a) CONVENTIONAL SYSTEM 
FRAME NOISE WAVEFORM 
BEFORE COUNTERMEASURE: 
RIPPLED NOISE DEVELOPS ON SCREEN 




(b) INVERTED-PHASE SYSTEM 
FRAME NOISE WAVEFORM 
AFTER COUNTERMEASURE: 
NO RIPPLED NOISE ON SCREEN 
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Lfca* 

[ o o 1 6 ] m i mm 2 *4, *»wt«*>5«ts^ 

fi, Hl©/<y^9-f h5, 6, 9, I0i|g2©/<y 

^9^7, 8, 11, 1 2 i z^tmm^mwiz. 
*s^t, Krga»io^s'^7'< H5, e, 9, 10 ©38 

MWdMLT, ^2©^y^7'f F7, 8, 11, 1 

2mmm<Ditmm^, mm%im%2<Dy< 
v$74 hzm&Lfttzzkzmhtm&%»m 
n&ipzti (m2) , x, »i©/<y^5-r ^iM2© 

t-5, 6^Mi©iiii)ia?S2 l-evn-t 

n%22xwm^, ffiami©/^^7^ H5, 6 ©5! 

X, isffiMiO^s'^^'f ^^2©^-7^7f V 
i4, y^9-f h-pflbftSftt^Sitttt 

«tti-SSES*^S*AS*$*i, X, HilS^l©^7^ 
7^T h©fflftfc, *2©^y^7^ K©«i«, 

v s r h mm tm&m^mmA v ? ? 

5, 6, 9, 1 0 k% 2<D/<*,y-7J K7, 8, 11, 

mm^nKx^z, 

[0 0 17] WTC, *HWS:lt;ii¥»fcKM-f5 e 
[0 0 18] Bi (a) l^tJ;^;, t^SIi 

4 v 3 ^f B ^^2^pi)i-5fcfe(DWf#^a 

m*<09>7. SPt, 7^5-7^12^1)1 



Lfcas, 2^UhXhiiii, {pJ#TtU 
v\> tfc, 131 (b) tCTjrfJ: 5 s<7?f'( h3© 

K3©T£^ff^aS&4#Kfi£;h<-5 0 ;<j/*7 

BBg£*iT^5 0 

I0019] efcfc, *»W©tt^Kov^rffiW-t-5 0 

[ 0 0 2 0 ] H 2 ©ftAS^SilUCftV^Ttts 7 >7* 
5, 611, Sl^n 2 IT-PHI £*rOi<9, 7^7° 
7, 8(1, SEi)7*o^2 2Tia!j£trai9, J.O, 
7^5, 6i|SMfiJ©&f@£l 8 0&i£4Bi:*SJ; 
SKt^?, 8*»«ri-5. 7>:/9, 10 

91^1 2*-C|»f»3g-f 0 

[00 2 1 ] r iifc J: 5, Wft-CJ.oP«BU-C*»t-6 
JH0?y7*6, 6, 9, lOi, ll©9>'7 e 5, 

9, iokmva.imMLx%mt&%2ff>?> 

7*7, 8, 11, 12tiS, ^m^Eti^ttti 
[0 0 2 2] 4fc % [3 3 Til, 7>?5<n%Wm&m 

SiUfift-c, ^y^e^wBu 7^-?§<»mm. 

tit:, 7^1 2*-C»9S-t-. ^jfifc«fcB, Sl©7 

ft*. 

[0023] *i8Most»ie**^*-. 

[0 0 24] 0 611, fOftlall&©:/ny*0-Cfc(l, d 
©#£, A7J&#iLT, {f#m^OFF, ttlt 
A7J"i>OFF©#;1gT\ ho-r:"<-**ti 

-T-iCTM^ UTt ^ So 
[0 0 2 5] *®|g*«rH5lC*i-. 
[0 0 2 6] l7Ctt^©«t71/-AGNDffl 

NDt^^Ri s i niK*tO|fiJ6gB»?Ki9S8l!|^S*l 

[0 0 2 7] Rlc, *9B«OB20«MtM^'CN£L 
fctr5, 04C^-fJ:9lC, 7^-^GND(C{l, s 

*¥P]$llM©B*W^A7JLfc;i\ jSiB±K*? 
[0 0 2 8] iJ®±©^^i£Ml, sinjg^coy 



©3§££«JT£ 5 r i a*fca»« e 

[0 0 2 9] fcfe, /<y^.7-r Hrjfi#r-t-*fc»©«R 

Mi, ETS^y^7>f k xy'^ hXliiM 
ha©/<sr*5-f K u«*iiffii:©u^M7 

[0 0 3 0] X, ±!E©ffi, *10/<y*7y hi^2 

/<sr^9-r hi^LflflfBm2©^y^7^ hfcl 8 OS 

[0 0 3 1] X, IWB/<y*?-f Ml, BJWefcoT 
<feJ:v\ 
[0 0 3 2] 

20 ^ 7 ^ h ©£*T#&ii, ±1© <t 5 Kfltafc Lfc©T\ 7 
y7lHifc J:* £ X*fT t>m+i k#V 

#, rtUcfc!), a*.&ftiS s lRl±Lfc. 
[Bifi4>tt)|Lftft9J] 

[Bl] *»MCflt*»5**««%«*©*j5ltSr*tH-e 
[0 2] /<y^ 7 -T KS*M©|g 1 ©«$£^h2T 

[03] /< y ^5w hjs*ria«>«2©*a*aH-HT 

30 £04] /^x©su£g&$r^-tg|-cfc$ e 
[0 5] ywxoiWEis#t*t«-cfcS. 
[06] /^X£g§£Lfc[eJ*g©7"p;/?0T&S o 

[07] ^©^y^7-r h£*rsw©7*ny*H-e* 

[0 8] roOH^n^CT, i£f^«LT^5 

mzmmx-hZc, 

2 

4 w%m>>mm 

40 3 /<y*5>fh 
5~12 

2 1, 22, 23, 24 Ii7"p-^ 

s §§w©y^x 



(6) 
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